INTRODUCTION
In serum levels, no significant difference was observed except a significant decrease (P < 0.05) in total cholesterol (groups D, E, and G) and low-density lipoprotein cholesterol (group E and G) and a significant increase (P < 0.05) in total cholesterol (groups D, E, and G) compared with group A. According to the hemagglutination inhibition test, the antibody titer of antibody against the avian influenza virus was significantly (P < 0.05) higher in most treated groups such as groups B, C, E, G, and I after d 15 fed to layers with probiotics and groups B, C, D, E, F, G, and H after d 45 compared with the control group. No significant difference was observed in the antibody titer against the Newcastle disease virus at d 15, but significantly (P < 0.05) higher at d 45 in groups F and G. These results demonstrate that several combinations of probiotics used in this experiment have a positive impact on the performance, egg quality, and immune response of layer hens, and the following work will continue to focus on these groups. Colpan, 2006) . When fed with products including inactivated microorganisms, probiotics could also express beneficial effects similar to those of live probiotics, such as the ability to inhibit the adhesion of the pathogen Escherichia coli (Coconnier et al., 1993) . In addition, heat-inactivated Lactobacillus had positive effects on the development of body cell immunity in Zhu-Si broiler chickens (Zhang et al., 2003) . However, few studies have reported on the effect of inactivated probiotics on the performance and egg quality of layer hens.
Butyrate is produced in the cecum and colon of animals via the fermentation of carbohydrates such as dietary fiber. Sodium butyrate can induce absorption of water and sodium and proliferation of intestinal cells (Friedel and Levine, 1992) , be used as energy resources (Jozefiak et al., 2004) , and stimulate intestinal blood flow and the synthesis of gastrointestinal hormones (Mineo et al., 1994) . Other studies found a significant increase in host defense peptide gene expression in the intestinal tract of chickens when feed was supplemented with 0.1% butyrate (Sunkara et al., 2011) .
To evaluate the potentiated combinations of probiotics that could apply to improve the health condition and egg quality of layer hens, 3 kinds of microorganisms, including heat-inactivated Lactobacillus salivarius, Clostridium butyricum, and Bacillus subtilis, and sodium butyrate were investigated in this study.
MATERIALS AND METHODS

Birds and Diets
A completely randomized design was used in this experiment. A total of one thousand eight hundred 24-wk-old Lohmann Pink layer hens were randomly divided into 9 groups with 4 replicates and 50 samples in each replicate. The 9 groups were divided into one control group (group A) and 8 treatment groups (groups B to I). The trial was finished after 60 d. Probiotics used in this trial included 4 different components (heatinactivated Lactobacillus salivarius, Clostridium butyricum, Bacillus subtilis, and sodium butyrate). The heatinactivated Lactobacillus salivarius is activated under 80°C for 30 min and proved to be inactivated according to bacterium culture test before use, and Clostridium butyricum and Bacillus subtilis existed as spores. The various microbial contents added to the homolog group of the probiotics are shown in Table 1 .
Management and Sample Collection
During the experiment the hens were provided with feed and water ad libitum, and the temperature in the henhouse was kept between 15 and 28°C. The light schedules were similar to the guidelines set in the Lohmann Commercial Management Guide. The basal diets are shown in Table 2 .
Hens were weighed individually at the beginning and the end of the experiment. Using these values, BW gain was calculated. Mortality and damaged eggs (including broken eggs, cracked eggs, and eggs without shells) were recorded as they occurred. Feed consumption was recorded at 3-d intervals. Feed consumption was recorded at the beginning and the end of the experiment and calculated as grams per hen per day. Feed conversion ratio was calculated as kilograms of feed per kilogram of egg. Damaged egg ratios were calculated in percentages according to the formula of (damaged eggs/total eggs × 100).
All of the eggs were collected and weighted individually to determine the egg weight. Using these values, egg production, egg weight, and daily egg yield were calculated. Egg quality was determined for 3 consecutive days at 30 d of trial and the end of the trial. Twenty eggs were collected randomly from each replicate on d 3 and d 6 of the experiment. Each egg was weighed and shape index was calculated in percentages according to the formula of (egg length)/(egg width) with an instrument (shape index instrument, 75135/2, BV. Apparatenfabreik Van Doorm, De Bilt, the Netherlands). Shell thickness was measured in 3 different parts (upper and lower ends and middle) by a micrometer. Yolk color was determined according to the Roche Yolk color fan. Haugh unit was calculated using the following formula (Card and Nesheim, 1972) :
Haugh units (%): 100 × log(H + 7.57 − 1.7W 0.37 ), where H is the height of the albumen and W is the weight of the egg. Egg internal quality was completed within 24 h of the eggs being collected. Eggs were boiled for 7 min. When the boiled eggs were cold, they were then broken and their constituent parts were separated and weighed. The shells were weighed after being air dried for 12 h. Yolk relative weight was calculated based on these values. The yolk cholesterol was extracted as described by Washburn and Nix (1974) from 2 eggs of each replicate. Yolk cholesterol was estimated by the colorimetric Libermann-Burchard method.
Blood samples were drawn from the brachial vein of 3 hens in each replicate and were centrifuged (1,500 × g for 15 min at 4°C) after solidified, and their serum was collected. Serum cholesterol, triglyceride (TG), highdensity lipoprotein (HDL) cholesterol, and low-density lipoprotein (LDL) cholesterol were determined by the colorimetric Libermann-Burchard method.
At d 7 before the experiment started, layers were vaccinated with Newcastle disease (NDV) and avian influenza (AI; subtype H9) inactivated vaccine according to intramuscular injection. The serum samples collected by the methods described previously were used at d 15 and 45 to determine the antibodies against AI and NDV, using the hemagglutination inhibition methods described earlier (Olsen et al., 2003) , which included washing and preparation of a 1% red blood cell of chicken suspension and test procedure (Numan and Siddique, 2005) .
Data Analysis
Data were analyzed using the one-way ANOVA test of SPSS17.0 (SPSS Inc., Chicago, IL). In the case of significant means (P < 0.05), Duncan multiple range test was used to determine treatment differences.
RESULTS AND DISCUSSION
Production Performance
An analysis of the production characteristic data is shown in Table 3 . No significant difference was observed in feed consumption, but damaged egg ratio (significantly decreased in groups B, F, G, H, and I) and feed conversation ratio were decreased. Group F, which added heat-inactivated Lactobacillus salivarius CB + Bacillus subtilis, showed significantly (P < 0.05) increased egg production and daily egg yield as well as decreased feed conversion and damaged egg ratio. Group G, which was supplied with heat-inactivated Lactobacillus salivarius + sodium butyrate, showed a significant (P < 0.05) increase in daily egg yield and decreased feed conversion and damaged egg ratio. Kalavathy et al. (2005) observed significant (P < 0.05) improvements in feed efficiency and egg production when 20-wk-old layer hens were fed a probiotic mixture that included 12 Lactobacillus strains. Similarly, Kurtoglu et al. (2004) reported that probiotic (BioPlus 2b) fed to 27-wk-old Brown-Nick layers could increase egg production and significantly (P < 0.05) decrease damaged egg ratio. However, Balevi et al. (2001) found no statistically significant differences in egg production and egg weight, which might be due to using different bacteria strains, different concentrations, the form of probiotics, and the ages of the hens. Compared with the control group, no difference among each group was observed in egg weight. In the treatment group, however, egg weight in group F was significantly (P < 0.05) smaller than in group G. Similarly, Kalavathy et al. (2009) reported a significant (P < 0.05) increase of egg weight when hens between 20 and 44 wk of age were given feed supplemented with Lactobacillus.
Egg Quality
Analysis of the egg quality data is shown in Table 4 . No significant variance was found in shape index, shell thickness, yolk color, and egg yolk cholesterol, similar to the report published by Haddadin et al. (1996) . Compared with the control group, relative yolk relative weight was significantly (P < 0.05) decreased in group H, which was fed heat-inactivated Lactobacillus salivarius CB + Bacillus subtilis + sodium butyrate. Groups G and H showed significantly (P < 0.05) increased Haugh units compared with group A. This result was consistent with an experiment by Jensen et al. (1978) , who found that Haugh units were significantly (P < 0.05) improved in hens fed corn fermentation solubles and distillers feeds. A declining but nonsignificant trend was observed in egg yolk cholesterol.
Serum Index
Analysis of the levels of total cholesterol (TC), TG, HDL cholesterol, and LDL cholesterol data is shown in Table 5 . There was no statistically significant difference in TC content observed among the groups, but a decreasing trend occurred when probiotics fed to the layers were compared with the control. This is consistent with reports by Mohan et al. (1995) and Abdulrahim et al. (1996) . Navid (2010) also discovered a significant decline (P < 0.01) in the amount of TC and TG in all dietary groups, including 2 strains of Lactobacillus. As shown in Table 5 , groups D, E, G, and I showed significantly (P < 0.05) decreased levels of TG, and HDL cholesterol levels in group D were also significantly higher than in group A. However, levels of LDL cholesterol were significantly (P < 0.05) decreased in groups E and G. These results verify the important role of microorganisms in the recycling of lipids in the gastrointestinal tract. Some specific bacteria such as Bacillus subtilis could prevent bile salts from re-absorption and convert them to the second type. At the same time they could synthesize esterase enzymes converting free fatty acids to their esterified forms, which differ from TG in the intestinal tract. Thus, cholesterol and TG were less likely of being absorbed into the serum.
Immune Response
Effects analysis of probiotics on antibody titer data using the hemagglutination inhibition test is shown in Table 6 , with most groups differing from each other. At d 15 after probiotics were fed to layers, the antibody titers in groups B, C, and E were significantly (P < 0.05) higher compared with the control (H9), and group C, which was fed heat-inactivated Lactobacillus salivarius BC , had the highest antibody titer, whereas no significant variance was seen in antibody against NDV. At d 45, antibody titers in all treatment groups except group I were significantly higher than those in the control group (H9), and group E had the highest titer. Groups F and G were significantly (P < 0.05) higher than group A in antibody against NDV. These results show that the probiotics fed in this study could express a more effective influence on antibody titers against H9 compared with NDV. Contrasting results were observed in previous studies. Balevi et al. (2001) reported no significant response to NDV vaccine antigen affecting specific antibody synthesis. This difference is probably due to competitive exclusion (Jin et al., 1997) , in which beneficial bacteria isolated from the host were most efficient when being reintroduced back to the animal.
Conclusion
In this study, we showed that the single or combined usage of 3 different strains of bacteria and sodium butyrate to supplement the diet of layer hens improved their production performance and egg quality. This included increased egg production, daily egg yield, and Haugh unit, and decreased yolk cholesterol and other traits. Probiotics used in this study also resulted in positive outcomes to serum cholesterol, TG, HDL, and LDL cholesterol. These results suggest that probiotics could enhance the immune system. In addition, it was confirmed that complex strains of bacteria had a greater effect than single strains, and that further research is required on the suitable addition of probiotics.
